Summary
The Norwegian Scientific Committee for Food Safety (Vitenskapskomiteen for mattrygghet, VKM) has, at the request of the Norwegian Food Safety Authority (Mattilsynet; NFSA), assessed the risk of "other substances" in food supplements sold in Norway. These risk assessments will provide NFSA with the scientific basis for regulation of the addition of "other substances" to food supplements and other foods.
"Other substances" are described in the food supplement directive 2002/46/EC as substances other than vitamins or minerals that have a nutritional and/or physiological effect. It is added mainly to food supplements, but also to other foods. VKM has not in this series of risk assessments of "other substances" evaluated any claimed beneficial effects from these substances, only possible adverse effects.
The present report is a risk assessment of Lactobacillus acidophilus W37, Lactobacillus acidophilus DDS-1, Lactobacillus acidophilus La-5 and Lactobacillus acidophilus La-14 based on previous risk assessments and also publications retrieved from literature search.
The risk of the Lactobacillus strains listed above was assessed for the general population.
However, in previous assessments of probiotics published by VKM, concerns have been identified for specific groups. Therefore, the risk was assessed for the age group with immature gastro-intestinal microbiota (age group 0-36 months), population with mature gastro-intestinal microbiota (>3 years) and vulnerable groups with mature gastro-intestinal tract. VKM has also assessed the risk of L. acidophilus W37, L. acidophilus DDS-1, L. acidophilus La-5 and L. acidophilus La-14 in food supplements and other foods independent of the dose and have assessed exposure in general terms.
VKM concludes that it is unlikely that L. acidophilus W37, L. acidophilus DDS-1, L. acidophilus La-5 and L. acidophilus La-14 would cause adverse health effects in the general healthy population with mature gastro-intestinal tract.
However, no data on long-term adverse effects on infants and young children were identified. As evidence is accruing that the early microbial composition of the neonatal gut is important for the development of the gut microbiota and the immune system of the growing child, it is not possible to exclude that a daily supply of a single particular bacterial strain over a prolonged period of time to an immature gastro-intestinal tract may have long-term, although still unknown, adverse effects on that development. Risikovurderingen inkluderer ikke andre kilder til de Lactobacillus som er listet ovenfor enn kosttilskudd (som for eksempel mat).
VKM konkluderer med at det er usannsynlig at L. acidophilus W37, L. acidophilus DDS-1, L. acidophilus La-5 og L. acidophilus La-14 forårsaker negative helseeffekter i den generelle friske befolkningen med moden tarmflora.
Det er imidlertid mangel på data om uønskede langtidsvirkninger for spebarn og små barn (0-36 måneder). Det er økende vitenskapelig dokumentasjon som viser at den mikrobielle sammensetningen i neonatal tarm er viktig for utviklingen av en funksjonell tarmflora og et godt fungerende immunsystem hos det voksende barn. Det kan derfor ikke utelukkes at daglig tilførsel av en enkelt spesifikk bakteriestamme over en lengre tidsperiode til barn med en umoden tarmflora, kan ha langvarige negative effekter på utviklingen av en funksjonell tarmflora. Background as provided by the Norwegian Food Safety Authority «Other substances» are substances other than vitamins and minerals, with a nutritional and/or physiological effect on the body. "Other substances" are mainly added to food supplements, but these may also be added to other foods and beverages, such as sports products and energy drinks. Ingestion of these substances in high amounts presents a potential risk for consumers.
While at the EU level, these substances fall under the scope of the European Regulation ( The Norwegian Food Safety Authority (NFSA) has recommended the Norwegian Ministry for Health and Care Services to regulate the addition of "other substances" to food supplements and other foods at a national level. NFSA has suggested using the Danish regulation as a model while establishing a national regulatory framework in Norway. NFSA has further suggested that the establishment of a list of substances with permitted maximal doses should be based on the products and substances found on the Norwegian market.
In preparation for a regulation, NFSA has requested the Norwegian Scientific Committee for Food Safety (VKM) to assess the safety of "other substances" found on the Norwegian market. NFSA, after consultation with the industry, has compiled a list of "other substances" added to food supplements and foods marketed in Norway. NFSA requests VKM to carry out safety assessments for the microorganisms on the list.
Terms of reference as provided by the Norwegian Food Safety Authority
The Norwegian Food Safety Authority (NFSA) has requested the Norwegian Scientific Committee for Food Safety (VKM) to:
Phase 1 Since risk/safety assessments for some of the substances on the list have already been carried out by competent authorities (such as the European Food Safety Authority, Institute of Medicine -USA and Norwegian Scientific Committee for Food Safety), in phase 1 of the assignment, VKM has been requested to:
-make an overview of existing risk/safety assessments for «other substances» enlisted by NFSA, prepared by a competent risk assessment authority.
If assessments for some of these substances exist, then, VKM is requested to:
-describe data on upper limits (UL), guidance limits (GL) or other safe limits established for the substances in these assessments.
Phase 2:
Prepare a guidance document outlining the methodology to be used for the safety assessments of microorganisms.
Phase 3:
Assess the safety of microorganisms in accordance to the guidance document developed in Phase 2.
Safety assessments of microorganisms added to food supplements and other foods shall be carried out for the general population.
The NFSA requests the VKM to describe risks for vulnerable groups such as, infants and babies, pregnant and breast feeding women or those suffering from certain illnesses, in each of these assessments.
Attachment:
The list of microorganisms to be assessed. The risk of adverse effects from exposure to specified strains of L. acidophilus was assessed for the general population. However, in previous assessments of probiotics published by VKM concerns in specific groups have been identified. Therefore, the risk was estimated for the age group with immature gastro-intestinal microbiota (age group 0-36 months), population with mature gastro-intestinal microbiota (>3 years) and vulnerable groups with mature gastro-intestinal tract. VKM has also assessed the risk of L. acidophilus W37, L. acidophilus DDS-1, L. acidophilus La-5 and L. acidophilus La-14 independent of the dose and possible matrix effect and have assessed exposure in general terms.
The present report is based on previous risk assessments and articles retrieved from a literature search.
Literature
The present risk assessment is based on EFSA's QPS assessment (EFSA, 2008a) and articles retrieved from a literature search.
Previous risk assessments
As the recommendation for the QPS status is based on broad criteria, extensive literature searches, and transparent expert judgement, VKM has decided to accept the safety status as given by EFSA in the most up-to-date list including possible qualification criteria . Therefore, the literature search for this assessment has been limited to the reports and articles published in 2015-2016.
Literature search
Following literature searches were performed in PUBMED:
Lactobacillus acidophilus W37[Title/Abstract] -the search returned 1 publication.
Lactobacillus acidophilus DDS-1[Title/Abstract] -the search returned 5 publications.
Lactobacillus acidophilus La-14[Title/Abstract] -the search returned 8 publications.
Lactobacillus acidophilus La-5[Title/Abstract] -the search returned 61 publications.
Other relevant publications, including reports from EFSA (QPS) and FDA (GRAS) are listed in the reference section.
Relevance screening
The titles of all results were scanned by project group, and for those that were of potential relevance, the abstracts were also inspected. The members of the project group performed the relevance screening, independently. Citations were excluded if they did not relate to the terms of reference. The reference lists in selected citations were scrutinized to identify additional articles or reports, not identified by the PubMed searches.
3 Hazard identification and characterisation
Hazard identification
The list of microorganisms attached to the ToR identifies:
as the microorganisms of interest. Strains belong to the genus Lactobacillus which is a wide and heterogeneous taxonomic unit, comprising the rod-shaped, non-motile and non-spore forming lactic acid bacteria.
The characteristics and habitat of most of Lactobacillus species are well known. Some of the species of this genus have a long history of apparent safe use in industrial and agricultural applications. Lactobacilli are used as starter cultures in a variety of food fermentation, such as dairy products, fermented and cured meats, fermented vegetables, sourdough and silage. 
Identification of the strains

L. acidophilus W37
Origin of the strain and the culture collection for deposition were not identified in the literature.
No data on genome sequencing were found.
L. acidophilus DDS-1
The strain has been partially sequenced (NCBI, 2016) 
L. acidophilus La-5
The strain is of human origin and is deposited in DSM as strain 13241 according to the information from producer (Chr-Hansen, 2016) .
L. acidophilus La-149
Hazard characterisation QPS/GRAS
QPS "A wide variety of microbial species are used in food and feed production. Some have a long history of apparent safe use, while others are less well documented and their use may represent a risk of adverse effects for consumers. Experience has shown that there is a need for a tool for setting priorities within the risk assessment of those microorganisms used in food/feed production referred to EFSA and consequently the subject of a formal assessment of safety. To meet this need a system was proposed for a pre-market safety assessment of selected groups of microorganisms leading to a "Qualified Presumption of Safety (QPS)". In essence this proposed that a safety assessment of a defined taxonomic group (e.g. genus or group of related species) could be made based on four pillars (establishing identity, body of knowledge, possible pathogenicity, and end use). If the taxonomic group did not raise safety concerns or, if safety concerns existed but could be defined and excluded (the qualification), the grouping could be granted QPS status. Thereafter, any strain of microorganism the identity of which could be unambiguously established and assigned to a QPS group would not require further safety assessment other than satisfying any qualifications specified.
Microorganisms not considered suitable for QPS would remain subject to a full safety assessment" (EFSA, 2007) .
The list of the microorganisms have been (and will be) regularly updated by EFSA (EFSA, 2007; EFSA, 2008a; EFSA, 2008b; EFSA, 2009; EFSA, 2010; EFSA, 2011; EFSA, 2012; EFSA, 2013; .
GRAS
Any substance that is intentionally added to food is regarded as a food additive and is subject to premarket review and approval by FDA, unless the substance is generally recognized, among qualified experts, as having been adequately shown to be safe under the conditions of its intended use, or unless the use of the substance is otherwise excluded from the definition of a food additive. The use of a food substance may be GRAS either through scientific procedures or, for a substance used in food before 1958, through experience based on common use in food (FDA, 2016).
The updated list of the microorganisms is published on FDA website http://www.fda.gov/Food/IngredientsPackagingLabeling/GRAS/
Influence of live microorganisms on the development of gut microbiota
It is now generally recognised that the establishment of the gut microbiota very early in life is a critical stage of development and probably has far-reaching effects on the health of the individual at all ages, including the development of some so-called life-style diseases later in life. Gut colonization begins very early and may in fact even have started before birth (Greenhalgh et al., 2016) . Immediately after birth a beneficial microbiota develops following transfer of bacteria from the mother during birth, from the birth canal. There follows a further transfer of the mother's own microbiota during breast-feeding from bacteria resident in the breastmilk-producing glands and canals. Human milk contains components that stimulate the growth of these bacteria and therefore further influences and encourages the establishment of a beneficial microbiota. There is also evidence that both oral and faecal microorganisms may be transferred from mother to child at a very early stage (Greenhalgh et al., 2016) .
Colonization of the infant gut mucosa is important in the establishment of the gut mucosal barrier and for maturation of the gut immune system. It is known that infants born by Caesarean section develop a gut microbiota that is more reflective of environmental bacteria. However, several factors can affect this natural progression, including caesarean delivery, prematurity, use of formula feeds and treatment with antibiotics (Wang et al., 2016) .
The use of antibiotics, both to the neonate and to the mother before parturition, has been shown to change the types and/or the comparative ratios of bacteria in the gut of the neonate. It has been suggested that even a temporary diversion from the establishment of a healthy gut microbiota at this point may cause alterations in the establishment of the adaptive immune system and that this may have many far-reaching effects later in life, such as allergy and autoimmune diseases.
A disturbance in microbiota from what is presently regarded as "normal" is called dysbiosis.
However there is at present no "Gold standard" for the composition of the gut microbiota in neonates and very young children. The human host and its gut microbiota have an important relationship whereby the host recognizes members of the gut microbiota and adjusts the immune response to their presence. Thus the intestinal microbiota of the neonate guides the development of the immune system and a tolerance to the host commensal bacteria. It has been suggested that dysbiosis may be the cause of many conditions, including necrotizing enterocolitis, inflammatory bowel disease, irritable bowel syndrome, atopic and allergic disease and metabolic diseases including obesity and diabetes 1. However, dysbiosis may influence these diseases in different ways -by affecting the immune system or by a direct result of the changed microbiota (Wang et al., 2016) . Dysbiosis at an early age can predispose to obesity at any age in life. This may be due to the establishment of a different balance of microorganisms in the gut microbiota which are able to extract energy from multiple sources and thus predispose the host to obesity.
Studies of the role of the neonates GIT microbiota indicate a diversity of microorganisms that include, but not exclusively, such bacteria as lactobacilli and bifidobacteria. Present opinion suggests that this diversity in itself is an important factor. The inclusion of large numbers of one particular strain of probiotic bacteria in the diet of a neonate can therefore be questioned. Indeed, Berstad et al (2016) voiced concern that ingestion of probiotics could negatively affect the resident commensal flora and leave an empty ecological niche following cessation of treatment. Some probiotic strains have been shown to have a number of effects on neonate conditions that can be attributed to the gut microbiota. However, long-term studies of the effects of consumption of probiotic cultures have not been done and therefore it has not been possible to evaluate the long-term effects of manipulating the gut microbiota in neonates and very young children. Similarly, it has not been possible to evaluate the safety of the establishment of a less diverse microbiota as a consequence of feeding probiotics to very young children.
Antimicrobial resistance properties of L. acidophilus W37, L. acidophilus DDS-1, L. acidophilus La-5 and L. acidophilus La-149
Several examples of antibiotic resistant lactobacilli isolated from food or from the gut of animals exist. Acquired genes for antibiotic resistance have been detected in Lactobacillus species: tet(M) has been found in L. plantarum, L. brevis, L. sakei and L. curvatus (Danielsen, 2002; Gevers et al., 2003) and tet(S) in L. plantarum (Huys et al., 2006) . Erythromycin resistance determinants erm(B) has been found in L. plantarum, L. salivarius, L. animalis, L. fermentum, L. reuteri (Axelsson et al., 1988; Fons et al., 1997; Gevers et al., 2003; Martel et al., 2003) . Moreover, the gene coding for the bifunctional aminoglycosidemodifying enzyme AAC(6')-APH(2") was detected in L. salivarius and L. acidophilus (Tenorio et al., 2001 ) and chloramphenicol resistance gene cat was identified in L. reuteri (Lin et al., 1996) . Obligate and facultative heterofermentative lactobacilli, and L. salivarius, are intrinsically resistant to vancomycin and other glycopeptide antibiotics.
Several genetic determinants for antibiotic resistance in Lactobacillus are harboured by extrachromosomal elements (Danielsen, 2002; Gfeller et al., 2003; Huys et al., 2006; Lin et al., 1996) . However, transferable elements encoding resistances of clinical relevance, such as to the glycopeptides have been excluded for some probiotic L. reuteri and L. rhamnosus strains (Klein et al., 2000) .
acidophilus La-149 L. acidophilus was identified with aminoglycoside-modifying enzyme AAC(6')-APH(2").
However, no data on antimicrobial resistance specifically for L. acidophilus W37, L. acidophilus DDS-1, L. acidophilus La-5 and L. acidophilus La-149 were retrieved in literature.
Safety concerns
Members of the Lactobacillus genus are daily consumed in large quantities in a variety of fermented foods by people of all ages, ethnic groups and health status with apparently no ill effects. Apart from their possible involvement in the development of dental caries, lactobacilli have generally been considered to be non-pathogenic. However, there has been an increasing number of reports that these organisms might occasionally be involved in human disease (Gasser, 1994; Salminen et al., 2006; Sharpe et al., 1973) . A variety of different Lactobacillus species have been recovered from human clinical specimens, among them L. acidophilus. Many of the patients with apparent Lactobacillus infection were immunocompromised or had other severe underlying illnesses (EFSA, 2007) .
However, most of the Lactobacillus species described to date can rightly be considered to be non-pathogenic to humans with only certain strains of L. rhamnosus that may be considered to be potential human opportunistic pathogens because they not only affect severely immunocompromised, but also immunologically healthy individuals with a history of rheumatic endocarditis or heart valve replacement (EFSA, 2007) . EFSA concludes that further studies on both human and veterinary clinical isolates could be considered to find out any possible strain specific factors that might contribute to the pathogenicity (EFSA, 2012).
The species L. acidophilus is considered by the EFSA to be suitable for QPS approach to safety. Therefore, the strain does not require any specific demonstration of safety other than confirming the absence of any transferable determinants of resistance to antibiotics of human and veterinary clinical significance. However, no studies on long-term effects on infants and young children were identified in the literature search. As evidence is accruing that the early microbial composition of the neonatal gut is important for the development of the gut microbiota and the immune system of the growing child, it is not possible to exclude that a daily supply of a single particular bacterial strain over a prolonged period of time to an immature gastro-intestinal tract may have long-term, although still unknown, adverse effects on that development.
Exposure assessment
As this assessment is concerned with the general safety of L. acidophilus W37, L. acidophilus DDS-1, L. acidophilus La-5 and L. acidophilus La-14 and is not related to a specific product or dose, the exposure assessment is given in general terms.
The dose ingested in the portion of the product usually recommended for daily consumption contains log 9 of at least one strain among those present in the product. The use of different number of microorganism may be allowed when its rationale has been demonstrated by significant scientific studies. The number of cells must be specified on the product label, and moreover, this number has to be guaranteed until the end of the product shelf-life, at the specified storage conditions, with uncertainty of 0.5 log units. It is emphasized that the analytical method of quantification of living bacterial cells may differ from species to species (Ministero, 2013) .
Regarding consumption by infants, Fernandez et al. (2003) extrapolated from the results of several authors that an infant would consume between log 5 and log 7 bacteria daily along with the consumption of 800 ml breast milk. As a comparison, a 100 g serving of commercial probiotic yoghurt would contain approximately log 9-10 CFU. Thus the amount of cells consumed in a serving of yoghurt would be considerably higher than natural milk levels, in fact up to 10 000 x greater (difference between log 5 and log 9).
Risk characterisation
The safety aspects of L. acidophilus W37, L. acidophilus DDS-1, L. acidophilus La-5 and L.
acidophilus La-14 assessed in this risk assessment give no reason for concern and L. acidophilus as a species has been granted QPS status by EFSA. However, no data on longterm adverse effects on infants and young children were identified. As evidence is accruing that the early microbial composition of the neonatal gut is important for the development of the gut microbiota and the immune system of the growing child, it is not possible to exclude that a daily supply of a single particular bacterial strain over a prolonged period of time to an immature gastro-intestinal tract may have long-term, although still unknown, adverse effects on that development.
The safety aspects of L. acidophilus W37, L. acidophilus DDS-1, L. acidophilus La-5 and L. acidophilus La-14 assessed in this risk assessment for vulnerable groups other than the one with immature gastrointestinal tract give no reason for concern.
6 Uncertainties Consumption of microorganism L. acidophilus W37, L. acidophilus DDS-1, L. acidophilus La-5 and L. acidophilus La-14 in a "normal" dose is considered safe in adults (> 3 years) "normal" population. In this assessment, some uncertainties have been identified. Many of these uncertainties may overlap with the data gaps (Section 8).
The uncertainties identified are as follows:
• Long-term effects on infants and young children • Consumption in vulnerable groups other than the group with immature gastro-intestinal tract 8 Data gaps
• Studies on adverse effects in children and vulnerable groups are lacking.
• Data regarding human studies on adverse effects after long-term oral exposure to L. acidophilus W37, L. acidophilus DDS-1, L. acidophilus La-5 and L. acidophilus La-14 are lacking.
